Specifications TableSubject area*Phytochemistry, Plant Science*More specific subject areaAroma chemistry of wine grapesType of dataFigure, TableHow data were acquiredAustralian Government Bureau of Meteorology and Gas chromatography-mass spectrometry, experimental resultsData formatRaw data (temperature and rainfall) and analysed data (GC-MS)Experimental factorsPowdered grape samples were extracted with the extraction solution and the solution sampled by headspace solid-phase microextraction.Experimental featuresSamples were collected at fortnight intervals from four weeks post-flowering (wpf) until commercial harvest. HS-SPME-GC-MS was performed to investigate free terpene concentrations of samples of five varieties with different maturity.Data source locationMount Langi Ghiran vineyard, Bayindeen, Victoria, Australia (S 37.316071, E143.145032)Data accessibilityData is with this article and a [supplemental file](#appsec1){ref-type="sec"} containing two data filesRelated research articleJ. Luo, J. Brotchie, M. Pang, PJ. Marriott, K. Howell, P. Zhang, Free terpene evolution during the berry maturation of five Vitis Vinifera L. cultivars, Food Chem. 299 (2019), 125101**Value of the data**•Our previous data \[[@bib2]\] showed changes in terpene accumulation during ripening of Shiraz wine grapes. The datasets here provide information about free terpene concentrations at different development stages of Vitis vinifera L. cv. Shiraz, Cabernet Sauvignon, Riesling, Chardonnay and Pinot Gris.•All grape cultivars are located within the same vineyard, which minimizes site variations of environmental and geography factors, which may alter terpene production amongst different cultivars.•These datasets could provide new insights into the free terpene evolution of five economically important wine grape varieties. Further studies could be conducted to investigate the genetic or metabolic differences among cultivars leading to the variations in terpene production.

1. Data {#sec1}
=======

This present data provide supplementary information to our previous work [@bib1]. Total monoterpene, norisoprenoid and sesquiterpene concentrations at E-L 31, 33, 34, 35 and 38 of each variety in two vintages are plotted in [Fig. 1](#fig1){ref-type="fig"}. Temperature and rainfall information of vintages 2016 and 2017 was obtained from the Australian Government Bureau of Meteorology (nearest weather station: Ararat Prison Station, BoM ID: 089085, 15.5 km northwest to the experimental vineyard) and summarized in [Table 1](#tbl1){ref-type="table"}. Information of growing degree days (GDD) of each sample collection day is provided in [Table 2](#tbl2){ref-type="table"}. Compound identification based on comparison of retention indices and mass spectra are summarized in [Table 3](#tbl3){ref-type="table"} and [Table 4](#tbl4){ref-type="table"}, respectively. Concentrations of different classes of free terpenes and total monoterpene and total sesquiterpene in different grape cultivars at different developmental stages are shown in [Table 5](#tbl5){ref-type="table"}, [Table 6](#tbl6){ref-type="table"}, [Table 7](#tbl7){ref-type="table"}, [Table 8](#tbl8){ref-type="table"}, [Table 9](#tbl9){ref-type="table"}.Fig. 1Total terpene contents of five varieties of wine grapes in two vintages. (a) total monoterpene contents in vintage 2016, (b) total monoterpene contents in vintage 2017, (c) total norisoprenoid contents in vintage 2016, (d) total norisoprenoid contents in vintage 2017, (e) total sesquiterpene contents in vintage 2016, (f) total sesquiterpene contents in vintage 2017. Values labelled with the same lower case letter are not significantly (p \< 0.05) different within each variety in a vintage. Harvest concentrations of each variety in two vintages labelled with "\#"are significantly (p \< 0.05) different. Concentrations at E-L 31 of each variety in two vintages labelled with "\*" are significantly (p \< 0.05) different. Raw data of the histograms are provided in data file 1.Fig. 1Table 1Temperature and rainfall conditions during vintages 2016 and 2017.[a](#tbl1fna){ref-type="table-fn"}Table 1JanuaryFebruaryMarchAprilVintage 2016Mean maximum temperature (^o^C)3028.627.421.9Mean minimum temperature (^o^C)11.11312.38.3Mean rainfall (mm)3050.63233.4Solar radiation (MJ m^−2^)24.123.016.712.8Vintage 2017Mean maximum temperature (^o^C)2927.227.720.7Mean minimum temperature (^o^C)12.410.8128.4Mean rainfall (mm)3318.62070Solar radiation (MJ m^−2^)24.421.517.310.9[^1]Table 2Accumulated growing degree days (GDD)\* of sample collection dates. Raw data of the table are provided in data file 2.Table 2Vintage 2016Vintage 2017DateGDDDateGDD18/12/2015583.359/01/2017584.252/01/201675723/01/2017726.0515/01/2019898.110/02/2017913.81/02/20161078.120/02/2017983.8513/02/20161208.056/03/20171128.7529/02/20161356.7520/03/20171273.314/03/20161531.953/04/20071369.9518/04/20171438.05[^2][^3][^4][^5]Table 3Retention indices relative to *n*-alkanes C7--C30 on a J&W DΒ-5ms column, reference retention indices, and target ions of identified terpenoids.Table 3Calculated RI (DΒ-5)Terpenoids library RI (DΒ-1)[a](#tbl3fna){ref-type="table-fn"}NIST library RI (DΒ-5)Target ions[b](#tbl3fnb){ref-type="table-fn"}*Monoterpenoids*α-Terpinene101310131018**121**,93,136Cymene (m- and p-)102210131026**119**,91,1341,8-Cineol113010241031**81**,108,71,154(E)-β-Ocimene104410411026**93**,121,79γ-Terpinene105510511060**93**,136,121Terpinolene108210821088**136**,93,121p-Cymenene108610751080**132**,117,91Linalool109710861098**71**,93,55,121Hotrienol110110831104**71**,82,67trans-Pinocarveol112511261137**55**,70,83Citronellal112911291150**69**,55,111Neroloxide114711371153**68**,83,96Menthol (+isomenthol)1172&11751172&11761174**71**,81,95Terpinen-4-ol117511641179**71**,93,111,154α-Terpineol119211761189**59**,93,121,136Geraniol124612351255**69**,41,93,53Geranylacetone144214301452**69**,107,93,151*Norisoprenoids*Theaspirane (Isomer 1)129212991298**138**,96,82Theaspirane (Isomer 2)131013131298**138**,109,82(*E*)-β-Damascenone137213631385**121**,190,69*Sesquiterpenoids*7-epi-α-Cedrene140714041405**119**,93,204Selina-4,11-diene14671475NA**189**,204,81α-Muurolene149114911499**105**,161,119,204δ-Cadinene151015201510**161**,119,204Calamenene (cis + trans)151315171521**159**,202,114α-Calacorene152615271523**157**,142,200ω-Cadinene152615261528**119**,161,204γ-Calacorene153315541550**157**,142,200Palustrol156515691568**111**,204,1611-epi-Cubenol162016231625**119**,161,204γ-Eudesmol162416181630**189**,204,161Cubenol163316301643**161**,105,69[^6][^7]Table 4Comparisons between reference terpenoid mass spectra from the terpenoids library (upper frame) and for an experimental peak in a representative sample (lower frame).Table 4TerpenoidMass spectrum*Monoterpenoids*α-Terpinene![](fx1.gif)Cymene (m- & p-)![](fx2.gif)\
![](fx3.gif)1,8-Cineol![](fx4.gif)(*E*)-β-Ocimene![](fx5.gif)γ-Terpinene![](fx6.gif)Terpinolene![](fx7.gif)p-Cymenene![](fx8.gif)Linalool![](fx9.gif)Hotrienol![](fx10.gif)trans-Pinocarveol![](fx11.gif)Citronellal![](fx12.gif)Neroloxide![](fx13.gif)Menthol (+isomenthol)![](fx14.gif)\
![](fx15.gif)α-Terpineol![](fx16.gif)γ-Terpineol![](fx17.gif)Geraniol![](fx18.gif)Geranylacetone![](fx19.gif)*Norisoprenoids*Theaspirane (Isomer 1)![](fx20.gif)Theaspirane (Isomer 2)![](fx21.gif)(*E*)-β-Damascenone![](fx22.gif)Sesquiterpenoids7-epi-α-Cedrene![](fx23.gif)Selina-4,11-diene![](fx24.gif)α-Muurolene![](fx25.gif)δ-Cadinene![](fx26.gif)Calamenene (cis + trans)![](fx27.gif)\
![](fx28.gif)α-Calacorene![](fx29.gif)ω-Cadinene![](fx30.gif)γ-Calacorene![](fx31.gif)Palustrol![](fx32.gif)1-epi-Cubenol![](fx33.gif)γ-Eudesmol![](fx34.gif)Cubenol![](fx35.gif)Cadalene![](fx36.gif)Table 5Terpene concentrations at different developmental stages of Shiraz in the two experimental vintages.Table 5Vintage 2016wpf4wpf6wpf8wpf10wpf12wpf14wpf16Monterpenoidsα-Terpinene\<0.01\<0.01\<0.010.31 ± 0.08\<0.01\<0.01\<0.01Cymene (m- and p-)\<0.01\<0.01\<0.010.62 ± 0.31a0.65 ± 0.19a0.5 ± 0.15a1.17 ± 0.56a1,8-CineolNDNDNDNDNDNDND(*E*)-β-Ocimene\<0.01NDNDNDNDNDNDγ-TerpineneNDNDNDNDNDNDNDTerpinolene\<0.01\<0.01\<0.010.25 ± 0.13\<0.01\<0.01\<0.01p-Cymenene\<0.01\<0.01\<0.01\<0.01\<0.01\<0.010.22 ± 0.16Linalool2.25 ± 0.2bc0.78 ± 0.16c2.59 ± 2.73abc0.8 ± 0.56c10.68 ± 3.42ab6.63 ± 4.32abc12.06 ± 6.9aHotrienol\<0.01\<0.010.89 ± 0.94b0.11 ± 0.06b4.19 ± 0.87a1.41 ± 0.12b0.49 ± 0.41btrans-Pinocarveol\<0.01\<0.010.94 ± 0.46c7.17 ± 0.79bc11.7 ± 1.13ab9.06 ± 5.92bc20.08±2aCitronellal0.17 ± 0.08c\<0.011.5 ± 0.56c12.27 ± 1.42bc19.05 ± 1.72ab15.56 ± 9.55b31.52 ± 3.72aNeroloxide\<0.01\<0.01\<0.01\<0.010.46 ± 0.29\<0.01\<0.01Menthol (+isomenthol)\<0.01\<0.01\<0.013.57 ± 0.5b5.35 ± 0.54ab3.78 ± 2.88b9.09 ± 1.03aTerpinen-4-ol\<0.01\<0.01\<0.010.07 ± 0.06b\<0.01\<0.010.38 ± 0.27aα-Terpineol2.2 ± 0.06bc0.48 ± 0.1c1.87 ± 1.2bc2.35 ± 0.02bc4.38 ± 0.52ab3.22 ± 2.38abc6.43 ± 1.32aGeraniol1.44 ± 0.26bc1.44 ± 0.07bc2.62 ± 1.52abc1.06 ± 0.17c6.17 ± 1.59a5.25 ± 2.26a4.99 ± 1.3abGeranylacetone9.35 ± 2.98a4.66 ± 0.86a31.31 ± 14.36a14.2 ± 7.37a24.02 ± 6.86a21.46 ± 16.1a27.49 ± 14.32aTotal15.48 ± 3.45c7.46 ± 0.88c40.15 ± 22.56bc33.92 ± 23.52bc86.63 ± 10.44ab66.23 ± 44.01abc113.8 ± 30.13a*Norisoprenoids*Theaspirane (Isomer 1)0.18 ± 0.01ab0.12 ± 0.01ab0.25 ± 0.16ab0.05±0b0.36 ± 0.06a0.15 ± 0.09ab0.2 ± 0.18abTheaspirane (Isomer 2)0.12±0ab0.1 ± 0.01ab0.18 ± 0.1a0.04±0b0.18 ± 0.02a0.08 ± 0.05ab0.09 ± 0.05ab(*E*)-β-Damascenone0.24±0c0.34 ± 0.03c0.65 ± 0.26c1.53 ± 0.28bc4.59 ± 0.35a3.84 ± 1.95ab5.5 ± 0.97aTotal0.54 ± 0.01c0.56 ± 0.03c1.08 ± 0.51c1.61 ± 0.28bc5.13 ± 0.39a4.08 ± 2.08ab5.79 ± 1.2a*Sesquiterpenoids*7-epi-α-Cedrene1.71 ± 0.3ab2.24 ± 0.23a0.72 ± 0.02d1.57 ± 0.48bc0.96 ± 0.02cd1 ± 0.03cd1 ± 0.06cdSelina-4,11-diene0.12 ± 0.01a0.05±0b0.03 ± 0.01c0.02±0cNDNDNDα-Muurolene0.13 ± 0.01a0.14±0a0.05 ± 0.01b0.06 ± 0.03bNDNDNDδ-CadineneNDNDND0.12 ± 0.1a0.11 ± 0.03a0.17 ± 0.07a0.18 ± 0.04aCalamenene (cis + trans)0.29 ± 0.01a0.12 ± 0.01b0.07 ± 0.01b0.15 ± 0.07b0.1 ± 0.03b0.07 ± 0.02b0.1 ± 0.02bα-Calacorene0.08 ± 0.02a0.03±0ab0.02 ± 0.01b0.06 ± 0.04ab0.04 ± 0.02ab0.03 ± 0.02ab0.05 ± 0.02abω-Cadinene0.21 ± 0.02a0.08 ± 0.01b0.04 ± 0.01b0.07 ± 0.02b0.04 ± 0.02b0.06 ± 0.02b0.07 ± 0.02bγ-Calacorene0.76 ± 0.01a0.33 ± 0.03bc0.13 ± 0.05d0.37 ± 0.14b0.15 ± 0.03cd0.16 ± 0.07cd0.21 ± 0.04bcdPalustrol0.13 ± 0.02a0.01±0b0.02 ± 0.01b0.03 ± 0.02b0.03 ± 0.01b0.06 ± 0.03bND1-epi-Cubenol0.16 ± 0.01a0.03 ± 0b0.04 ± 0.01b0.09 ± 0.06ab0.1 ± 0ab0.1 ± 0.02ab0.14 ± 0.07aγ-Eudesmol0.13 ± 0.01a0.03 ± 0b0.02 ± 0b0.1 ± 0.07abNDNDNDCubenol0.08 ± 0.01a0.03 ± 0.01a0.03 ± 0.01a0.07 ± 0.05a0.05 ± 0.02a0.07 ± 0.02a0.09 ± 0.06aCadalene0.13 ± 0.01a0.11 ± 0.01a0.05 ± 0.02c0.09 ± 0.02ab0.03 ± 0.01c0.04 ± 0.02c0.05 ± 0.02bcTotal3.92 ± 0.31a3.19 ± 0.27a1.23 ± 0.03c2.81 ± 0.94ab1.61 ± 0.09c1.78 ± 0.14bc1.89 ± 0.18bcVintage 2017*Monterpenoids*α-Terpinene\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01Cymene (m- and p-)\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.011,8-CineolNDNDNDNDNDNDNDND(*E*)-β-Ocimene0.14 ± 0.09\<0.01NDNDND\<0.01\<0.01\<0.01γ-TerpineneNDNDNDNDNDNDNDNDTerpinolene\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01p-Cymenene\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01Linalool1.03 ± 0.31bcd1.6 ± 0.56ab0.57 ± 0.12cd0.39 ± 0.13d0.94 ± 0.13bcd1.14 ± 0.16bc1.18 ± 0.21abc1.89 ± 0.11aHotrienol1.11 ± 0.87b5.63 ± 1.64a5.46 ± 1.45a3.37 ± 1.76ab2.47 ± 0.74ab0.99 ± 0.24b0.19 ± 0.02b0.27 ± 0.18btrans-Pinocarveol\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01Citronellal\<0.01\<0.01\<0.01\<0.01\<0.010.22 ± 0.1a0.08 ± 0.04b0.26 ± 0.14aNeroloxide\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01Menthol (+isomenthol)\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01Terpinen-4-ol\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01α-Terpineol\<0.010.44 ± 0.2ab0.23 ± 0.02b\<0.010.37 ± 0.17ab0.53 ± 0.33ab0.57 ± 0.11ab0.77 ± 0.13aGeraniol1.36 ± 0.18d1.18 ± 0.29d0.9 ± 0.2d1.14 ± 0.04d1.39 ± 0.18d1.96 ± 0.19c3.72 ± 0.19a2.62 ± 0.14bGeranylacetone8.54 ± 0.75a8.54 ± 0.22a6.64 ± 2.76ab4.85 ± 1.04ab2.98 ± 1.73b3.17 ± 1.78b5.18 ± 2.44ab3.32 ± 1.67bTotal12.21 ± 0.43abc17.62 ± 2.82a13.98 ± 3.16ab9.76 ± 1.25bc8.15 ± 1.78bc7.94 ± 2.19c10.86 ± 2.15bc9.05 ± 1.92bc*Norisoprenoids*Theaspirane (Isomer 1)0.15 ± 0a0.16 ± 0.03a0.11 ± 0.02b0.08 ± 0.01bc0.06 ± 0cd0.05 ± 0cd0.04 ± 0d0.04 ± 0dTheaspirane (Isomer 2)0.14 ± 0.01a0.13 ± 0.02a0.08 ± 0.01b0.07±0bc0.05 ± 0cd0.04 ± 0d0.03 ± 0d0.03 ± 0d(*E*)-β-Damascenone0.3 ± 0.02f0.49 ± 0.11ef0.82 ± 0.13de1.29 ± 0.21d3.49 ± 0.1a2.77 ± 0.05b1.95 ± 0.24c2.97 ± 0.29bTotal0.58 ± 0.01e0.78 ± 0.16e1.01 ± 0.15de1.44 ± 0.22d3.6 ± 0.1a2.85 ± 0.05b2.02 ± 0.24c3.03 ± 0.3b*Sesquiterpenoids*7-epi-α-Cedrene3.18 ± 0.25a3.63±1a1.52 ± 0.25b1.11 ± 0.06b1.45 ± 0.47b1.3 ± 0.15b1.1 ± 0.12b1.11 ± 0.19bSelina-4,11-diene0.09 ± 0.01a0.08 ± 0.03ab0.05 ± 0.01bc0.03±0cd0.03 ± 0.01cd0.02 ± 0.01cd0.01±0cd0.01±0dα-Muurolene0.05 ± 0.01bc0.16 ± 0.04a0.16 ± 0.03a0.09 ± 0.02bc0.1 ± 0.01b0.06 ± 0.01bc0.04 ± 0.01c0.04 ± 0.01cδ-CadineneNDNDNDNDNDNDNDNDCalamenene (cis + trans)0.15 ± 0.02ab0.2 ± 0.05a0.15 ± 0.01ab0.08 ± 0.02c0.08 ± 0.02c0.06 ± 0.03c0.06 ± 0.01c0.1 ± 0.01bcα-Calacorene0.06 ± 0.01a0.05 ± 0.01ab0.03 ± 0bc0.02 ± 0cNDNDNDNDω-Cadinene0.18 ± 0.02a0.12 ± 0.02b0.04±0c0.04 ± 0.01c0.03±0c0.03±0c0.03±0c0.03 ± 0.01cγ-Calacorene0.42 ± 0.03abc0.56 ± 0.14a0.34 ± 0.03bcd0.22 ± 0.01de0.2 ± 0.02de0.18 ± 0.01e0.28 ± 0.03cde0.48 ± 0.05abPalustrol0.14 ± 0.03a0.04± 0b0.01 ± 0b0.01 ± 0b0.01 ± 0bNDNDND1-epi-Cubenol0.09 ± 0.02a0.06 ± 0.02b0.04 ± 0bc0.02 ± 0c0.02 ± 0c0.03 ± 0c0.02 ± 0c0.02 ± 0.01cγ-Eudesmol0.02±0bc0.04 ± 0.01a0.03 ± 0ab0.02 ± 0bc0.02 ± 0bc0.02 ± 0bc0.01 ± 0c0.02 ± 0.01bcCubenol0.07 ± 0.01a0.05 ± 0.02a0.03 ± 0b0.02 ± 0b0.02 ± 0.01b0.03±0b0.02 ± 0.01b0.02 ± 0bCadalene0.06±0e0.17 ± 0.03b0.12 ± 0.01c0.08 ± 0.01cde0.08 ± 0.01cde0.08±0de0.1 ± 0.01cd0.23 ± 0.02aTotal4.51 ± 0.2a5.15 ± 1.35a2.51 ± 0.34b1.75 ± 0.03b2.04 ± 0.52b1.81 ± 0.13b1.68 ± 0.11b2.08 ± 0.19b[^8]Table 6Terpene concentrations at different developmental stages of Cabernet Sauvignon in the two experimental vintages.Table 6Vintage 2016wpf4wpf6wpf8wpf10wpf12wpf14wpf16Monterpenoidsα-Terpinene9.17 ± 0.13a1.02 ± 0.19b0.2 ± 0.09b\<0.010.45 ± 0.2b0.44 ± 0.04b1.28 ± 1.67bCymene (m- and p-)2.94 ± 0.03a0.42 ± 0.12a\<0.01\<0.011.04 ± 0.3a0.95 ± 0.14a1.8 ± 2.52a1,8-Cineol9.12 ± 0.77a2.28 ± 0.24b0.55 ± 0.15c\<0.01NDNDND(*E*)-β-OcimeneNDNDNDNDNDNDNDγ-Terpinene20.99 ± 0.68a5.14 ± 0.37bNDNDNDNDNDTerpinolene5.64 ± 0.09a0.87 ± 0.01b0.1 ± 0.05c\<0.010.29 ± 0.2c\<0.01\<0.01p-Cymenene0.13 ± 0.05a\<0.01\<0.01\<0.010.12 ± 0.06a\<0.01\<0.01Linalool0.55 ± 0.16a\<0.01\<0.010.83 ± 1.01a4 ± 0.77a1.73 ± 1.36a4.72 ± 4.83aHotrienol\<0.01\<0.01\<0.010.3 ± 0.18a0.32 ± 0.36a\<0.01\<0.01trans-Pinocarveol0.2 ± 0.1b\<0.01\<0.01\<0.0115.83±3a6.25 ± 3.73ab14.3 ± 8.1aCitronellal0.37 ± 0.16b\<0.01\<0.01\<0.0126.19 ± 4.58a10.6 ± 5.39ab24.63 ± 12.89aNeroloxide\<0.01\<0.01\<0.01\<0.01NDNDNDMenthol (+isomenthol)\<0.01\<0.01\<0.01\<0.0110.64 ± 1.99a3.87 ± 2.07a9.51 ± 6.13aTerpinen-4-ol5.66 ± 0.88a0.18 ± 0.09b\<0.01\<0.010.36 ± 0.24b\<0.01\<0.01α-Terpineol6.98 ± 0.87a1.77 ± 0.19ab0.69 ± 0.23b\<0.014.91 ± 0.77ab3.04 ± 0.09ab4.58 ± 4.56abGeraniol1.04 ± 0.14a0.98 ± 0.03a0.91 ± 0.15a1.07 ± 0.19a1.63 ± 0.13a1.63 ± 0.72a1.43 ± 0.36aGeranylacetone10.46 ± 1.67a7.42 ± 2.03a20.88 ± 4.22a10.79 ± 6.77a27.24 ± 6.74a19.31 ± 15.08a19.54 ± 23.15aTotal73.19±1a20.09 ± 2.08a23.37 ± 4.33a26.46 ± 31.28a92.98 ± 17.43a46.51 ± 30.96a83.36 ± 67.39a*Norisoprenoids*Theaspirane (Isomer 1)0.05 ± 0a0.05 ± 0a0.04 ± 0.01a0.07 ± 0.01a0.06 ± 0.02a0.05 ± 0.03aNDTheaspirane (Isomer 2)0.04 ± 0.01a0.05 ± 0.01a0.04 ± 0.01a0.05 ± 0a0.06 ± 0.01aNDND(*E*)-β-Damascenone0.37 ± 0.03b0.55 ± 0.06b0.47 ± 0.04b1.72 ± 0.41ab5.84 ± 0.82ab4.95 ± 2.44ab7.6 ± 5.42aTotal0.47 ± 0.04b0.65 ± 0.05b0.56 ± 0.06b1.83 ± 0.39ab5.96 ± 0.83ab5 ± 2.46ab7.6 ± 5.42a*Sesquiterpenoids*7-epi-α-Cedrene2.13 ± 0.03a2.53 ± 0.46a0.82 ± 0.05b1.13 ± 0.19b0.94 ± 0.03b1.05 ± 0.1b1.08 ± 0.06bSelina-4,11-diene0.08 ± 0.01a0.02 ± 0b0.02 ± 0b0.02 ± 0.01bNDNDNDα-Muurolene0.07 ± 0.01a0.07 ± 0.01a0.04 ± 0.01a0.07 ± 0.04aNDNDNDδ-CadineneNDNDNDND0.12 ± 0.01a0.15 ± 0.05a0.19 ± 0.03aCalamenene (cis + trans)0.46 ± 0.04a0.17 ± 0.01b0.08±0c0.09 ± 0.01c0.1 ± 0.02bc0.07 ± 0.01c0.1 ± 0.05bcα-Calacorene0.12 ± 0.03a0.04 ± 0.01b0.02±0b0.03 ± 0.02b0.04±0b0.04 ± 0.01b0.06 ± 0.02bω-Cadinene0.24 ± 0.01a0.08 ± 0.01b0.03±0c0.05 ± 0.01bc0.07 ± 0.01bc0.05 ± 0.01bc0.06 ± 0.04bcγ-Calacorene1.18 ± 0.1a0.45 ± 0.04b0.23 ± 0.06c0.21 ± 0.04c0.22 ± 0.01c0.21 ± 0.06c0.24 ± 0.08cPalustrol0.2 ± 0.03a0.02 ± 0bNDND0.07 ± 0.01b0.05 ± 0.02b0.06±0b1-epi-Cubenol0.15 ± 0.01ab0.04 ± 0.01bc0.03 ± 0d0.06 ± 0.07bcd0.17 ± 0.03a0.12 ± 0.05abc0.15 ± 0.02abγ-Eudesmol0.07 ± 0.01a0.03 ± 0b0.01 ± 0c0.02 ± 0.01bcNDNDNDCubenol0.07 ± 0.01abc0.03 ± 0bc0.02 ± 0c0.04 ± 0.04abc0.11 ± 0.02a0.09 ± 0.03ab0.08 ± 0.03abcCadalene0.12 ± 0a0.13 ± 0.02a0.06 ± 0b0.08 ± 0.01b0.05 ± 0b0.05 ± 0.01b0.06 ± 0.02bTotal4.89 ± 0.26a3.62 ± 0.49b1.36 ± 0.1d1.8 ± 0.27cd1.87 ± 0.09cd1.89 ± 0.14cd2.07 ± 0.11c**Vintage 2017**27121722273237wpf4wpf6wpf8wpf10wpf12wpf14wpf16wpf18*Monterpenoids*α-Terpinene3.12 ± 0.95a2.51 ± 0.29a0.81 ± 0.32b0.95 ± 0.06b\<0.01\<0.01\<0.01\<0.01Cymene (m- and p-)0.85 ± 0.4ab1.25 ± 0.22a0.39 ± 0.17b0.62 ± 0.25ab\<0.01\<0.01\<0.01\<0.011,8-Cineol8.83 ± 2.08a6.28 ± 1.07a1.64 ± 0.44b2.19 ± 1.67b\<0.01NDNDND(*E*)-β-Ocimene\<0.01NDNDNDNDNDNDNDγ-Terpinene7.39 ± 1.87a8.91 ± 1.15aNDNDNDNDNDNDTerpinolene1.68 ± 0.38a1.45 ± 0.25a0.31 ± 0.12b0.42 ± 0.16b\<0.01\<0.01\<0.01\<0.01p-Cymenene\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01Linalool0.45 ± 0.18a0.25 ± 0.21a\<0.010.74 ± 0.66a0.29 ± 0.17a0.12 ± 0.1a0.12 ± 0.09a0.11 ± 0.03aHotrienol0.21 ± 0.17a0.81 ± 0.32a0.22 ± 0.08a0.91 ± 0.46a\<0.01\<0.01\<0.01\<0.01trans-Pinocarveol\<0.01\<0.01\<0.010.23 ± 0.08\<0.01\<0.01\<0.01\<0.01Citronellal\<0.01\<0.01\<0.010.4 ± 0.47a0.16 ± 0.1a0.21 ± 0.17a0.09 ± 0.03a0.21 ± 0.07aNeroloxide\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01NDNDMenthol (+isomenthol)\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01Terpinen-4-ol0.96 ± 0.34a0.72 ± 0.34a\<0.01\<0.01\<0.01\<0.01\<0.01\<0.01α-Terpineol0.73 ± 0.09ab1.46 ± 0.33a0.41 ± 0.05b1.33 ± 0.49a0.06 ± 0.04b0.32 ± 0.39b0.4 ± 0.14b0.18 ± 0.1bGeraniol0.71 ± 0.03d0.73 ± 0.06d0.62 ± 0.05d0.72 ± 0.07d1.73 ± 0.08a1.07 ± 0.19c1.39 ± 0.12b1.25 ± 0.13bcGeranylacetone3.83 ± 1.39ab5.77 ± 2.07ab5.57 ± 1.03ab8.76 ± 4.31a4.85 ± 1.89ab1.21 ± 2.12b0.95 ± 1.68b0.39 ± 2.05bTotal28.76 ± 6.78ab30.23 ± 4.51a9.91 ± 1.58cd17.01 ± 7.63bc7.02 ± 2.02cd2.88 ± 2.42d2.79 ± 1.77d2.07 ± 2.15d*Norisoprenoids*Theaspirane (Isomer 1)0.03 ± 0.01bc0.06 ± 0.01a0.05 ± 0.01ab0.05 ± 0.02a0.03±0bc0.02±0c0.01 ± 0.01c0.01 ± 0cTheaspirane (Isomer 2)0.03 ± 0ab0.05 ± 0.02a0.03 ± 0ab0.05 ± 0.02a0.03 ± 0ab0.02 ± 0.01b0.02 ± 0.01b0.01 ± 0b(*E*)-β-Damascenone0.37 ± 0.02e0.91 ± 0.09de1.13 ± 0.06de1.47 ± 0.36d2.46 ± 0.27c3.51 ± 0.35ab3.07 ± 0.54bc4.23 ± 0.18aTotal0.44 ± 0.02e1.02 ± 0.11de1.21 ± 0.07de1.57 ± 0.39d2.51 ± 0.27c3.55 ± 0.36ab3.1 ± 0.54bc4.26 ± 0.18a*Sesquiterpenoids*7-epi-α-Cedrene2.74 ± 0.25ab3.5 ± 1.77a2.42 ± 0.87ab1.12 ± 0.19b1.06 ± 0.14b1.57 ± 0.16ab1.04 ± 0.05b1.27 ± 0.02bSelina-4,11-diene0.05 ± 0.01a0.04 ± 0.01ab0.03 ± 0bNDNDNDNDNDα-Muurolene0.03 ± 0.01b0.06±0b0.05 ± 0.01abNDNDNDNDNDδ-CadineneNDNDNDNDNDNDNDNDCalamenene (cis + trans)0.17 ± 0.04ab0.24 ± 0.03a0.16 ± 0.04b0.11 ± 0.01bc0.05±0c0.08 ± 0.01c0.05 ± 0.01c0.06 ± 0.01cα-Calacorene0.07 ± 0.02a0.07 ± 0.01a0.03 ± 0.01bNDNDNDNDNDω-Cadinene0.19 ± 0.03a0.11 ± 0.02b0.05 ± 0.01cNDNDNDNDNDγ-Calacorene0.5 ± 0.06b0.78 ± 0.05a0.46 ± 0.06b0.18 ± 0.09c0.19 ± 0.01c0.24 ± 0.03c0.18 ± 0.02c0.2 ± 0.01cPalustrol0.16 ± 0.03a0.04 ± 0.01b0.01±0cNDNDNDNDND1-epi-Cubenol0.07 ± 0.02a0.06 ± 0.01a0.02 ± 0.01b0.02 ± 0b0.02 ± 0b0.02 ± 0b0.01 ± 0bNDγ-Eudesmol0.01 ± 0b0.02 ± 0a0.02 ± 0.01a0.01±0abNDNDNDNDCubenol0.06 ± 0.02a0.04 ± 0.01ab0.02 ± 0.01b0.02±0bNDNDNDNDCadalene0.04 ± 0.01c0.18 ± 0.02a0.11 ± 0.02b0.05 ± 0.03c0.04 ± 0c0.07 ± 0c0.05 ± 0c0.06 ± 0.01cTotal4.11 ± 0.31ab5.14 ± 1.91a3.39 ± 1.03abc1.52 ± 0.31c1.37 ± 0.14c1.98 ± 0.16bc1.33 ± 0.07c1.59 ± 0.01c[^9]Table 7Terpene concentrations at different developmental stages of Riesling in the two experimental vintages.Table 7Vintage 2016wpf4wpf6wpf8wpf10wpf12wpf14*Monterpenoids*α-Terpinene9.87 ± 0.24a1.82 ± 0.47b1.43±1b0.59 ± 0.17b0.61 ± 0.31b0.53 ± 0.4bCymene (m- and p-)6.03 ± 0.12a0.86 ± 0.48b1.95 ± 1.45b0.45 ± 0.36b0.96 ± 0.61b0.11 ± 0.13b1,8-Cineol0.64 ± 0.27\<0.01\<0.01NDNDND(*E*)-β-Ocimene\<0.01\<0.01NDND1.51 ± 0.58b4.6 ± 2.07aγ-Terpinene26.79 ± 1.35a7.33 ± 0.85bNDNDNDNDTerpinolene10.38 ± 0.1a2.9 ± 0.71c2.19 ± 1.18c0.79 ± 0.23c2.96 ± 0.64bc6.31 ± 2.59bp-Cymenene0.73 ± 0.08a\<0.010.43 ± 0.01b\<0.01\<0.01\<0.01Linalool3.8 ± 0.38c1.17 ± 0.24c2.87 ± 2.06c6.03 ± 2.53c29.19 ± 8.44b58.55 ± 15.31aHotrienol1.33 ± 0.33c0.8 ± 0.54c1.85 ± 1.3c9.97 ± 5.1bc20.38 ± 1.81ab35.5 ± 12.34atrans-Pinocarveol0.23 ± 0.02a0.16±0a0.56 ± 0.38a10.07 ± 6.5a3.42 ± 1.31a1.91 ± 0.31aCitronellal0.59 ± 0.51b0.73 ± 0.06b1.41 ± 0.56b16.11 ± 8.58a6.15 ± 1.56ab4.17 ± 0.31abNeroloxide\<0.01\<0.01\<0.011.12 ± 0.74b5.61 ± 1.16ab7.87 ± 3.25aMenthol (+isomenthol)\<0.01\<0.010.09 ± 0.07b5.89 ± 4.11a2.01 ± 0.8ab1.12 ± 0.21abTerpinen-4-ol6.99 ± 0.03a0.82 ± 0.29b1.18 ± 0.5b\<0.01\<0.01\<0.01α-Terpineol17.14 ± 0.3ab5.43 ± 0.82c5.96 ± 2.94bc4.89 ± 3.26c11.21 ± 2.4abc21.76 ± 8.74aGeraniol1.53 ± 0.05bc0.97 ± 0.06c1.46 ± 0.38bc2.93 ± 0.56bc4.18 ± 0.59b10.32 ± 2.38aGeranylacetone5.12 ± 0.33b2.29 ± 1.7b17.39 ± 7.18a17.66 ± 3.36a8.87 ± 4.96ab10.13 ± 0.35abTotal91.11 ± 2.81abc24.99 ± 5.83c37.59 ± 19.56bc76.78 ± 31.27bc97.27 ± 21.98ab162.83 ± 47.65a*Norisoprenoids*Theaspirane (Isomer 1)0.32 ± 0.02ab0.21 ± 0.02b0.58 ± 0.29a0.2 ± 0.01b0.17 ± 0.07b0.07 ± 0.02bTheaspirane (Isomer 2)0.22 ± 0.02b0.16 ± 0.04b0.52 ± 0.25a0.21 ± 0.02b0.14 ± 0.05b0.06 ± 0.01b(*E*)-β-Damascenone0.32 ± 0.01d0.43 ± 0.02d0.77 ± 0.29cd1.53 ± 0.37bc2.88 ± 0.65a2.46 ± 0.26abTotal0.86 ± 0.03b0.81 ± 0.04b1.87 ± 0.83ab1.93 ± 0.38ab3.18 ± 0.76a2.6 ± 0.28a*Sesquiterpenoids*7-epi-α-Cedrene2.72 ± 0.73a1.6 ± 0.34b0.71 ± 0.06b0.89 ± 0.12b1 ± 0.01b1.15 ± 0.02bSelina-4,11-diene0.03±0a0.01 ± 0bNDNDNDNDα-Muurolene0.07 ± 0.01b0.11 ± 0.01a0.05 ± 0.02bcND0.04 ± 0.01bc0.03±0cδ-CadineneNDNDND0.11 ± 0.06ab0.07 ± 0.01b0.21 ± 0.04aCalamenene (cis + trans)0.18 ± 0.02a0.08 ± 0.01bND0.06 ± 0.01b0.06 ± 0.01b0.07 ± 0.01bα-Calacorene0.06 ± 0.01a0.02±0bND0.06 ± 0.02a0.04±0ab0.06 ± 0.01aω-Cadinene0.04 ± 0.01aNDND0.05 ± 0.01a0.04 ± 0.01a0.05 ± 0aγ-Calacorene0.46 ± 0.03a0.18 ± 0.01bc0.06 ± 0.01bc0.2 ± 0.1b0.13 ± 0.01c0.22 ± 0.01bPalustrol0.09 ± 0.01a0.01 ± 0cND0.04 ± 0.01b0.03 ± 0bc0.02 ± 0.01bc1-epi-Cubenol0.06 ± 0.01b0.02±0c0.02±0c0.13 ± 0.02a0.09±0b0.09 ± 0.02bγ-Eudesmol0.06 ± 0.01a0.02 ± 0bNDNDNDNDCubenol0.05 ± 0.01bc0.03 ± 0c0.02 ± 0.01c0.09 ± 0.03a0.06 ± 0ab0.08 ± 0.01abCadalene0.1 ± 0.02a0.08 ± 0.01ab0.02 ± 0c0.04 ± 0.02c0.05 ± 0.01bc0.06 ± 0.02bcTotal3.94 ± 0.69a2.15 ± 0.34b0.89 ± 0.1c1.67 ± 0.34bc1.61 ± 0.04bc2.03 ± 0.04bVintage 2017wpf4wpf6wpf8wpf10wpf12*Monterpenoids*α-Terpinene7.38 ± 1.85a2.27 ± 0.63ab3.5 ± 0.74b1.63 ± 0.27ab0.5 ± 0.25cCymene (m- and p-)2.63 ± 0.84a0.7 ± 0.08c2 ± 0.52ab0.87 ± 0.27bc0.21 ± 0.07c1,8-Cineol1.03 ± 0.59\<0.01NDNDND(*E*)-β-Ocimene0.35 ± 0.08\<0.01NDND\<0.01γ-Terpinene15.88 ± 3.79a5.61 ± 1.04b11.34 ± 2.05abNDNDTerpinolene6.84 ± 1.53a2.24 ± 0.43bc3.64 ± 0.81b1.79 ± 0.32bc1.03 ± 0.38cp-Cymenene0.18 ± 0.01\<0.01\<0.01\<0.01\<0.01Linalool3.54 ± 1.1a1.34 ± 0.1b1.4 ± 0.15b1.21 ± 0.23b4.24 ± 0.78aHotrienol5.49 ± 1.29b5.88 ± 0.95b14.82 ± 2.09a14.3 ± 2.2a12.51 ± 2.08atrans-PinocarveolND\<0.01\<0.01\<0.01\<0.01CitronellalND\<0.01\<0.01\<0.01\<0.01Neroloxide0.25 ± 0.06c\<0.012.46 ± 0.56a1.55 ± 0.45ab0.9 ± 0.32bcMenthol (+isomenthol)ND\<0.01\<0.01\<0.01\<0.01Terpinen-4-ol3.15 ± 0.9a0.26 ± 0.33b1.17 ± 0.38b0.25 ± 0.23b\<0.01α-Terpineol6.62 ± 1.29a2.08 ± 0.49c4.59 ± 1.1ab3.33 ± 0.47bc2.54 ± 0.35bcGeraniol1.11 ± 0.02b0.89 ± 0.18b0.94 ± 0.04b1.21 ± 0.28b3.58 ± 0.39aGeranylacetone2.4 ± 0.92b5.18 ± 0.88a3 ± 0.39ab2.2 ± 0.77b1.9 ± 1.1bTotal56.58 ± 12.51a26.61 ± 4.41b48.86 ± 8.06a28.35 ± 4.53b27.44 ± 4.74b*Norisoprenoids*Theaspirane (Isomer 1)0.16 ± 0.03ab0.19±0a0.21 ± 0.04a0.15 ± 0.02ab0.11 ± 0.01bTheaspirane (Isomer 2)0.17 ± 0.02bc0.25 ± 0.03a0.19 ± 0.03ab0.13 ± 0.03bc0.11 ± 0.01c(*E*)-β-Damascenone0.27 ± 0.03d0.66 ± 0.12cd0.99 ± 0.12c1.74 ± 0.27b2.74 ± 0.34aTotal0.59 ± 0.07d1.1 ± 0.15cd1.38 ± 0.16c2.03 ± 0.32b2.97 ± 0.36a*Sesquiterpenoids*7-epi-α-Cedrene2.22 ± 0.33ab1.46 ± 0.19b2.72 ± 0.92a1.28 ± 0.13b1.04 ± 0.06bSelina-4,11-diene0.04 ± 0.01a0.02 ± 0bNDNDNDα-Muurolene0.03±0b0.07 ± 0.01bc0.13 ± 0.03a0.08 ± 0.01bNDδ-CadineneNDNDNDNDNDCalamenene (cis + trans)0.09 ± 0.01a0.07 ± 0.02a0.09 ± 0a0.06 ± 0.01a0.03±0bα-Calacorene0.04 ± 0.01a0.02 ± 0bNDNDNDω-Cadinene0.05 ± 0a0.03 ± 0b0.03 ± 0.01bNDNDγ-Calacorene0.25 ± 0a0.24 ± 0.06a0.21 ± 0.03a0.2 ± 0.01a0.11 ± 0.02bPalustrol0.12 ± 0.02a0.02 ± 0.01bNDNDND1-epi-Cubenol0.05 ± 0.01a0.03 ± 0.01ab0.03 ± 0.01b0.02 ± 0b0.02 ± 0bγ-Eudesmol0.02 ± 0a0.01 ± 0b0.02 ± 0a0.01 ± 0bNDCubenol0.05 ± 0.01a0.04 ± 0.01a0.03 ± 0ab0.02 ± 0.01b0.01±0bCadalene0.04 ± 0.01b0.08 ± 0.02a0.08 ± 0.01a0.07 ± 0.01a0.04±0bTotal2.99 ± 0.36ab2.1 ± 0.3abc3.32 ± 0.99a1.75 ± 0.14bc1.25 ± 0.07c[^10]Table 8Terpene concentrations at different developmental stages of Chardonnay in the two experimental vintages.Table 8Vintage 2016wpf4wpf6wpf8wpf10*Monterpenoids*α-TerpineneNDNDNDNDCymene (m- and p-)\<0.01\<0.01\<0.01\<0.011,8-CineolNDNDNDND(E)-β-OcimeneNDNDNDNDγ-TerpineneNDNDNDNDTerpinolene\<0.01\<0.01\<0.01\<0.01p-Cymenene\<0.01\<0.01\<0.01\<0.01Linalool\<0.010.64 ± 0.6a\<0.015.29±5aHotrienolNDNDNDNDtrans-Pinocarveol\<0.01\<0.01\<0.017.59 ± 5.79Citronellal\<0.010.63 ± 0.47b\<0.0113.18 ± 9.92aNeroloxideNDNDNDNDMenthol (+isomenthol)\<0.01\<0.01\<0.014.64 ± 3.72Terpinen-4-olNDNDNDNDα-Terpineol0.08 ± 0.05a0.2 ± 0.24a\<0.012.4 ± 2.83aGeraniol0.88 ± 0.09a0.83 ± 0.07a0.92 ± 0.16a2.22 ± 1.46aGeranylacetone5.33 ± 1.42a3.02 ± 0.13a13.69 ± 0.82a18.12 ± 12.05aTotal6.3 ± 1.46a4.92 ± 1.36a14.62 ± 0.98a53.56 ± 40.31a*Norisoprenoids*Theaspirane (Isomer 1)0.05 ± 0.01a0.08 ± 0.04a0.03 ± 0.01aNDTheaspirane (Isomer 2)0.05 ± 0.01a0.05 ± 0.02a0.03 ± 0.01aND(E)-β-Damascenone0.2 ± 0.04b0.3 ± 0.03b0.39 ± 0.04b2.02 ± 1.04aTotal0.3 ± 0.05b0.43 ± 0.08b0.45 ± 0.04b2.02 ± 1.04a*Sesquiterpenoids*7-epi-α-Cedrene1.62 ± 0.44a1.2 ± 0.58a0.92 ± 0.2a1.01 ± 0.02aSelina-4,11-diene0.05 ± 0.02aND0.03±0aNDα-MuuroleneNDNDNDNDδ-CadineneNDNDND0.13 ± 0.05Calamenene (cis + trans)0.04 ± 0.02b0.08 ± 0.01a0.06 ± 0.01ab0.07 ± 0.01aα-Calacorene0.03±0ab0.02±0bND0.05 ± 0.02aω-Cadinene0.09 ± 0.02a0.05 ± 0.01b0.04 ± 0.01b0.05 ± 0.01bγ-Calacorene0.31 ± 0.02a0.18 ± 0.05a0.17 ± 0.05a0.24 ± 0.1aPalustrol0.01 ± 0.01bNDND0.04 ± 0.01a1-epi-Cubenol0.06±0b0.04 ± 0.01b0.03±0b0.1 ± 0.02aγ-Eudesmol0.04 ± 0.01a0.03 ± 0.01a0.03 ± 0.01aNDCubenol0.02 ± 0b0.02 ± 0b0.02 ± 0b0.07 ± 0.02aCadalene0.09 ± 0.01a0.1 ± 0.03a0.07 ± 0.01a0.06 ± 0.03aTotal2.36 ± 0.47a1.71 ± 0.61a1.34 ± 0.27a1.83 ± 0.23aVintage 201749141924wpf4wpf6wpf8wpf10wpf12*Monterpenoids*α-TerpineneNDNDNDNDNDCymene (m- and p-)\<0.01\<0.01\<0.01\<0.01\<0.011,8-CineolNDNDNDNDND(E)-β-OcimeneNDNDNDNDNDγ-TerpineneNDNDNDNDNDTerpinolene\<0.01\<0.01\<0.01\<0.01\<0.01p-Cymenene\<0.01\<0.01\<0.01\<0.01\<0.01Linalool\<0.01\<0.010.09 ± 0.03a0.2 ± 0.22a0.37 ± 0.02aHotrienolNDNDNDNDNDtrans-Pinocarveol\<0.01\<0.01\<0.01\<0.01\<0.01Citronellal\<0.01\<0.010.13 ± 0.08\<0.01\<0.01NeroloxideNDNDNDNDNDMenthol (+isomenthol)\<0.01\<0.01\<0.01\<0.01\<0.01Terpinen-4-olNDNDNDNDNDα-Terpineol\<0.01\<0.01\<0.010.34 ± 0.29\<0.01Geraniol0.64 ± 0.04b0.63 ± 0.07b0.65 ± 0.01b0.79 ± 0.09b0.98 ± 0.05aGeranylacetone4.5 ± 2.16a3.83 ± 2.8a4.77 ± 0.68a1.08 ± 3.29a0.64 ± 1.67aTotal5.14 ± 2.15a4.47 ± 2.77a5.61 ± 0.59a2.23 ± 3.48a2.01 ± 1.68a*Norisoprenoids*Theaspirane (Isomer 1)0.05 ± 0.01a0.04 ± 0.01a0.03 ± 0ab0.03 ± 0bNDTheaspirane (Isomer 2)0.05 ± 0.01a0.04 ± 0.01aNDNDND(E)-β-Damascenone0.19 ± 0.01d0.33 ± 0.03cd0.77 ± 0.05c1.41 ± 0.11b2.03 ± 0.4aTotal0.28 ± 0.02d0.41 ± 0.05cd0.8 ± 0.05c1.43 ± 0.11b2.03 ± 0.4a*Sesquiterpenoids*7-epi-α-Cedrene2.15 ± 0.4b1.37 ± 0.17bc3.31 ± 0.58a1.17 ± 0.26c1.15 ± 0.1cSelina-4,11-diene0.07 ± 0.02a0.04±0b0.03 ± 0.01b0.02 ± 0.01bNDα-MuuroleneNDNDNDNDNDδ-CadineneNDNDNDNDNDCalamenene (cis + trans)0.12 ± 0.02a0.04 ± 0.01c0.08 ± 0.01b0.06 ± 0.01bc0.03 ± 0.01cα-Calacorene0.03 ± 0.01NDNDNDNDω-Cadinene0.1±0a0.04±0b0.04 ± 0.01bNDNDγ-Calacorene0.47 ± 0.05a0.22 ± 0.02bc0.22 ± 0.02b0.16 ± 0.07bc0.12 ± 0.01cPalustrol0.05 ± 0.01NDNDNDND1-epi-Cubenol0.08 ± 0.01a0.03 ± 0.01b0.02 ± 0c0.02 ± 0c0.01 ± 0cγ-Eudesmol0.04 ± 0.01a0.02 ± 0b0.03 ± 0.01bc0.03 ± 0.01bc0.02 ± 0.01bCubenol0.04 ± 0.01a0.01 ± 0bNDNDNDCadalene0.09 ± 0a0.06 ± 0.01abc0.08 ± 0.01ab0.05 ± 0.02c0.04 ± 0cTotal3.24 ± 0.45a1.85 ± 0.2b3.81 ± 0.59a1.51 ± 0.34b1.38 ± 0.1b[^11]Table 9Terpene concentrations at different developmental stages of Pinot Gris in the two experimental vintages.Table 9Vintage 201645505560wpf4wpf6wpf8wpf10*Monterpenoids*α-Terpinene0.45 ± 0.19a0.28 ± 0.19a0.13 ± 0.12a\<0.01Cymene (m- and p-)\<0.01\<0.010.15 ± 0.02a0.39 ± 0.48a1,8-CineolNDNDNDND(*E*)-β-Ocimene\<0.01NDNDNDγ-Terpinene2.6 ± 0.68NDNDNDTerpinolene0.29 ± 0.2a0.22 ± 0.11a0.06 ± 0.07a\<0.01p-Cymenene\<0.01\<0.01\<0.01\<0.01Linalool0.2 ± 0.14b0.23 ± 0.17b0.5 ± 0.28b3.96 ± 1.69aHotrienol\<0.01\<0.01\<0.01\<0.01trans-Pinocarveol\<0.01\<0.01\<0.019.27 ± 1.11Citronellal\<0.010.45 ± 0.34b0.7 ± 0.45b16.45 ± 2.36aNeroloxide\<0.01NDNDNDMenthol (+isomenthol)\<0.01\<0.01\<0.015.42 ± 0.91Terpinen-4-ol\<0.01\<0.01\<0.01\<0.01α-Terpineol1.16 ± 0.44a1.36 ± 0.16a1.11 ± 0.77a2.14 ± 0.23aGeraniol0.98 ± 0.22b0.85 ± 0.11b0.95 ± 0.14b3.2 ± 1.27aGeranylacetone7.41 ± 1.67bc3.3 ± 1.26c14.81 ± 3.83ab18.99 ± 4.58aTotal13.09 ± 2.05b6.74 ± 0.74b18.05 ± 4.72b59.9 ± 12.76a*Norisoprenoids*Theaspirane (Isomer 1)0.06 ± 0.01a0.06 ± 0.02ab0.03 ± 0.01bNDTheaspirane (Isomer 2)0.07 ± 0.01a0.04 ± 0.02ab0.03 ± 0.01bND(*E*)-β-Damascenone0.19 ± 0.03b0.31 ± 0.04b0.56 ± 0.1b2.69 ± 0.9aTotal0.33 ± 0.02b0.41 ± 0.07b0.62 ± 0.12b2.69 ± 0.9a*Sesquiterpenoids*7-epi-α-Cedrene2.04 ± 0.69a1.61 ± 0.57ab0.82 ± 0.15b0.97 ± 0.06abSelina-4,11-diene0.07 ± 0.01a0.03 ± 0.01b0.02 ± 0.01bNDα-Muurolene0.09 ± 0.01b0.17 ± 0.05a0.08 ± 0.02b0.04 ± 0.02bδ-CadineneNDNDND0.12 ± 0.03Calamenene (cis + trans)0.11 ± 0.01a0.11 ± 0a0.08±0b0.08±0bα-Calacorene0.05 ± 0a0.03 ± 0aND0.06 ± 0.02aω-Cadinene0.07 ± 0a0.03 ± 0cND0.05 ± 0.01bγ-Calacorene0.31 ± 0a0.3 ± 0.09a0.14 ± 0.05a0.2 ± 0.08aPalustrol0.04 ± 0.01aNDND0.04±0a1-epi-Cubenol0.06 ± 0.01b0.03 ± 0.01c0.02 ± 0.01c0.13 ± 0.02aγ-Eudesmol0.04 ± 0.01a0.04±0a0.02 ± 0.01aNDCubenol0.05±0b0.04 ± 0.01bc0.02 ± 0.01c0.09 ± 0.01aCadalene0.08 ± 0.01ab0.11 ± 0.02a0.06±0b0.06 ± 0.03bTotal3.01 ± 0.71a2.5 ± 0.68ab1.26 ± 0.21b1.84 ± 0.22abVintage 2017510152025wpf4wpf6wpf8wpf10wpf12*Monterpenoids*α-Terpinene3.5 ± 0.55a0.99 ± 0.29b\<0.01\<0.010.06 ± 0.03cCymene (m- and p-)0.74 ± 0.21\<0.01\<0.01\<0.01\<0.011,8-CineolNDNDNDNDND(*E*)-β-Ocimene\<0.01NDNDNDNDγ-Terpinene8.98 ± 1.01a3.95 ± 0.86bNDNDNDTerpinolene2.29 ± 0.47a0.53 ± 0.23b\<0.01\<0.010.07 ± 0.04cp-Cymenene\<0.01\<0.01\<0.01\<0.01\<0.01Linalool1.1 ± 0.25a0.41 ± 0.12b0.05 ± 0.02b1.54 ± 0.32a1.37 ± 0.05aHotrienol0.57 ± 0.14a0.2 ± 0.11b\<0.01\<0.010.1 ± 0.14btrans-Pinocarveol\<0.01\<0.01\<0.01\<0.01\<0.01Citronellal\<0.01\<0.010.16 ± 0.12a\<0.010.18 ± 0.05aNeroloxide\<0.01\<0.01\<0.01NDNDMenthol (+isomenthol)\<0.01\<0.01\<0.01\<0.01\<0.01Terpinen-4-ol1.18 ± 0.45\<0.01\<0.01\<0.01\<0.01α-Terpineol2.76 ± 0.64a0.68 ± 0.21b\<0.011.31 ± 0.15b0.86 ± 0.28bGeraniol0.82 ± 0.0c40.78 ± 0.07c0.86 ± 0.14c1.58 ± 0.19b2.24 ± 0.19aGeranylacetone4.46 ± 0.92bc4.57±1b7.49 ± 1.4a2.02 ± 0.49bc1.64 ± 1.33cTotal26.43 ± 4.27a12.22 ± 2.16b8.51 ± 1.55b6.66 ± 0.46b6.49 ± 1.18b*Norisoprenoids*Theaspirane (Isomer 1)0.07 ± 0.01a0.05 ± 0.02ab0.04±0b0.03 ± 0.01bNDTheaspirane (Isomer 2)0.06 ± 0.01a0.06 ± 0.01ab0.04±0bc0.03±0cND(*E*)-β-Damascenone0.28 ± 0.02c0.42 ± 0.03c0.6 ± 0.04b1.38 ± 0.06a1.4 ± 0.11aTotal0.41 ± 0.04c0.52 ± 0.03bc0.68 ± 0.04b1.43 ± 0.07a1.4 ± 0.11a*Sesquiterpenoids*7-epi-α-Cedrene3.16 ± 0.53a1.78 ± 0.14b1.16 ± 0.01b1.7 ± 0.3b1.17 ± 0.02bSelina-4,11-diene0.07 ± 0.01a0.05 ± 0.02ab0.02 ± 0.01b0.03 ± 0.02bNDα-Muurolene0.04 ± 0.01b0.08 ± 0.02a0.06 ± 0.01ab0.09 ± 0.02aNDδ-CadineneNDNDNDNDNDCalamenene (cis + trans)0.1 ± 0.01a0.11 ± 0.02a0.06 ± 0b0.1 ± 0.01a0.05 ± 0.01bα-Calacorene0.03±0a0.03±0a0.02 ± 0b0.02 ± 0bNDω-Cadinene0.06 ± 0.01a0.03 ± 0.01b0.02±0cNDNDγ-Calacorene0.25 ± 0.03a0.27 ± 0.03a0.19 ± 0.01bc0.24 ± 0.01ab0.16 ± 0.02cPalustrol0.07 ± 0.01a0.03±0bNDNDND1-epi-Cubenol0.05 ± 0.01a0.03 ± 0.01ab0.02 ± 0b0.02 ± 0b0.02 ± 0.01bγ-Eudesmol0.03 ± 0.01a0.02 ± 0ab0.01±0b0.03 ± 0aNDCubenol0.04±0a0.04 ± 0.02a0.02±0a0.03 ± 0aNDCadalene0.03 ± 0.01d0.09 ± 0.01a0.07 ± 0.01bc0.09 ± 0.01ab0.05 ± 0.01cdTotal3.93 ± 0.47a2.57 ± 0.1b1.65 ± 0.01cd2.36 ± 0.35bc1.45 ± 0.04d[^12]

2. Experimental design, materials and methods {#sec2}
=============================================

Wine grape samples were harvested from a commercial vineyard in the Grampians wine region in Victoria, Australia. In two experimental vintages, vertical shoot positioned (VSP) trellis and drip irrigation systems were applied in the vineyard without significant pest or disease pressure detected. In vintage 2016, sample collection started from 18 December 2015 and continued in two-week intervals until commercial harvest. Matured Chardonnay and Pinot Gris were collected on 13 February 2016, while Shiraz, Cabernet Sauvignon and Riesling were collected on 14 March 2016. In vintage 2017, samples were collected fortnightly from 09 January 2017 due to delayed fruit-setting. The last batches of Riesling, Chardonnay and Pinot Gris were harvested on 20 March 2017 while Shiraz and Cabernet Sauvignon were on 18 April 2017. For each cultivar, grape brunches in triplicate were collected randomly from different positions of randomly selected grapevines (n \> 30 for each cultivar). Samples were transported to the laboratory on dry ice and stored at −20 °C before analysis.

Terpene analysis was conducted on an Agilent 6890 GC coupled with an Agilent 5973 MSD (Agilent Technologies, Santa Clara, CA) and an Agilent PAL multipurpose sampler connected to the GC. The HS-SPME-GC-MS analysis was conducted based on our previous data with some modifications \[[@bib3]\].

Briefly, after destemming, grape berries were frozen with liquid nitrogen and then powdered with a stainless steel grinder. Five g of the sample powder was extracted with 30 mL of a pH 3.2 extraction solution, which consisted of 5 g/L polyvinylpolypyrrolidone (PVPP), 0.5 g/L tartaric acid and 0.5 g/L of sodium sulfite, at room temperature for 24 h with a stirring rate of 100 rpm. A 0.45 μm nylon syringe filter was used to filter the mixture and then 5 mL of the supernatant was mixed with 1 g of sodium chloride and 20 μL of 2 mg/L β-cedrene internal standard in a 20 mL GC vial. The headspace in the GC vial was extracted by using a 65 μm DPMS/DVB SPME fibre (Supelco, Bellefonte, PA) for 60 min with agitation at 45 °C in an agitator mounted on the Agilent PAL multipurpose sampler.

Chromatographic separation was achieved on a J&W DΒ-5ms capillary column (Agilent Technologies; 30 m × 0.25 mm × 0.25 μm). Purified helium was used as the carrier gas at a constant flow rate of 1.0 mL/min. GC conditions were based on our previous protocol with slight modifications (Zhang et al., 2016). Compounds adsorbed on the SPME fibre were desorbed under pulsed splitless mode and the mass spectrometer was operated in scan/sim mode under positive electron ionization (EI) mode at 70 eV, with a scan range from *m/z* 35 to 280.

As sesquiterpenes exist in trace amounts, simultaneous selected ion monitoring (SIM) mode was used to record common terpene ions: *m/z* 105, 133, 147, 161, and 204 to facilitate locating target compounds. Quantification of terpenes was based on the target ion peak areas.

A mixed alkane standard (C7--C30) was used to determine the retention index (RI; *I*) for each peak. Terpene identification was carried out by matching the mass spectrum and *I* value in the terpenoids library using MassFinder 4 software (Hochmuth Scientific Consulting, Hamburg, Germany). Although *I* values in the terpenoids library are based on a J&W DB1 column while in this present data a DB-5 column was used, these two nonpolar columns have very close *I* profiles as shown in previous data \[[@bib4]\]. Therefore, *I* values from the terpenoids library are reliable in facilitating the tentative identification in the present data. Peak integration was then conducted with the Agilent ChemStation software based on the responses of target ions. Calculated and reference RI are summarized in [Table 3](#tbl3){ref-type="table"}. Mass spectra of semi-quantified terpenes are provided in [Table 4](#tbl4){ref-type="table"}. Quantification of each terpene was performed against calibration curves constructed by a series of standards including, α-terpineol, linalool, geraniol, geranylacetone. α-Terpinene, cymene (m- and p-), 1,8-cineol, (*E*)-β-ocimene, γ-terpinene, terpinolene, p-cymenene and hotrienol were semi-quantified using a linalool standard. All sesquiterpenoids and norisoprenoids were semi-quantified with the internal standard β-cedrene and expressed as equivalent concentrations.

Significant (*p* \< 0.05) differences in terpene concentrations at different development stages of each grape cultivar were analysed by one-way ANOVA using SPSS 24 (SPSS Inc., Chicago, IL).
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[^1]: Data were obtained from the website of the Australian Government Bureau of Meteorology using the Ararat Prison observation station data.

[^2]: \*GDD of each sample collection date is calculated based on the following equation \[[@bib5]\]:$\text{GDD} = \sum\limits_{1\ Oct}^{date\ of\ sample\ collection}{\text{max}\left\lbrack {\left( {\left( \frac{T\text{max} + T\text{min}}{2} \right) - 10} \right);0} \right\rbrack}$

[^3]: Where,

[^4]: *T*max is the highest temperature of the sample collection day.

[^5]: *T*min is the lowest temperature of the sample collection day.

[^6]: Only RI values from a DB-1 column are available in the terpenoids library. RI profiles of DB-1 and DB-5 are close as demonstrated in previous data \[[@bib4]\].

[^7]: The first of the target ions was used as quantifier and others were qualifiers.

[^8]: **Notes:** Linalool, α-terpineol, geraniol and geranylacetone were quantified using their pure standard compounds. α-terpinene, cymene (m- and p-), 1,8-cineol, (*E*)-β-ocimene, γ-terpinene, terpinolene, p-cymenene and hotrienol were semi-quantified using a linalool standard. All monoterpenes are expressed at μg/g grape sample. All sesquiterpenoids and norisoprenoids were semi-quantified with the internal standard β-cedrene and expressed as equivalent concentrations of the internal standard at μg/kg grape sample. ND: not detected. Values labelled with the same lower case letter in the same row are not significantly (*p* \< 0.05) different. Raw data of the table are provide in data file 1.

[^9]: **Notes:** Linalool, α-terpineol, geraniol and geranylacetone were quantified using their pure standard compounds. α-terpinene, cymene (m- and p-), 1,8-cineol, (*E*)-β-ocimene, γ-terpinene, terpinolene, p-cymenene and hotrienol were semi-quantified using a linalool standard. All monoterpenes are expressed at μg/g grape sample. All sesquiterpenoids and norisoprenoids were semi-quantified with the internal standard β-cedrene and expressed as equivalent concentrations of the internal standard at μg/kg grape sample. ND: not detected. Values labelled with the same lower case letter in the same row are not significantly (*p* \< 0.05) different. Raw data of the table are provide in data file 1.

[^10]: **Notes:** Linalool, α-terpineol, geraniol and geranylacetone were quantified using their pure standard compounds. α-terpinene, cymene (m- and p-), 1,8-cineol, (*E*)-β-ocimene, γ-terpinene, terpinolene, p-cymenene and hotrienol were semi-quantified using a linalool standard. All monoterpenes are expressed at μg/g grape sample. All sesquiterpenoids and norisoprenoids were semi-quantified with the internal standard β-cedrene and expressed as equivalent concentrations of the internal standard at μg/kg grape sample. ND: not detected. Values labelled with the same lower case letter in the same row are not significantly (*p* \< 0.05) different. Raw data of the table are provide in data file 1.

[^11]: **Notes:** Linalool, α-terpineol, geraniol and geranylacetone were quantified using their pure standard compounds. α-terpinene, cymene (m- and p-), 1,8-cineol, (*E*)-β-ocimene, γ-terpinene, terpinolene, p-cymenene and hotrienol were semi-quantified using a linalool standard. All monoterpenes are expressed at μg/g grape sample. All sesquiterpenoids and norisoprenoids were semi-quantified with the internal standard β-cedrene and expressed as equivalent concentrations of the internal standard at μg/kg grape sample. ND: not detected. Values labelled with the same lower case letter in the same row are not significantly (*p* \< 0.05) different. Raw data of the table are provide in data file 1.

[^12]: **Notes:** Linalool, α-terpineol, geraniol and geranylacetone were quantified using their pure standard compounds. α-terpinene, cymene (m- and p-), 1,8-cineol, (*E*)-β-ocimene, γ-terpinene, terpinolene, p-cymenene and hotrienol were semi-quantified using a linalool standard. All monoterpenes are expressed at μg/g grape sample. All sesquiterpenoids and norisoprenoids were semi-quantified with the internal standard β-cedrene and expressed as equivalent concentrations of the internal standard at μg/kg grape sample. ND: not detected. Values labelled with the same lower case letter in the same row are not significantly (*p* \< 0.05) different. Raw data of the table are provide in data file 1.
